Abstract. The differences in the structure of DA and DB white dwarfs hinge on the asteroseismological analysis of GD 358. However, spectroscopic investigation of this important white dwarf found spectral peculiarities, notably a very low hydrogen abundance and the presence of carbon. These results initiated further investigation of chemical composition of DB stars with intention to estimate the uniqueness of GD 358 and to test theories of white dwarf evolution and structure. Here we present HST spectroscopic observations of the DBs GD 190 and PG 0112.
INTRODUCTION
White dwarfs are the stellar corpses of what once were main sequence stars. Their composition and structure contain fingerprints of processes occurring within main sequence stars, during later red giant evolution and throughout the final stages of mass loss. Asteroseismology has greatly altered our understanding of white dwarfs by revealing information on their interior structure. Differences between thick enveloped hydrogen DAs (Clemens 1994 ) and the thin layered helium DBs (Winget et al. 1994) are providing challenges to basic theories of white dwarf formation and chemical evolution.
As the first DB to have its internal structure revealed through asteroseismology (Winget et al. 1994) , GD 358 represents an important focus upon which these differences are based. GD 358 also offers a unique opportunity to combine the power of asteroseismology with a probe of surface composition, the details of which are inaccessible to asteroseismology. However, HST observations of this white dwarf revealed peculiarities, particularly a disturbingly low photospheric hydrogen abundance, and the puzzling presence of carbon in its atmosphere (Provencal et al. 1996) . Based on these results, we initiated a spectroscopic search for carbon and hydrogen in additional DB white dwarfs. Our goals included examining the possible uniqueness of GD 358 itself, and testing theories of DB structure and evolution. PG 0112 and GD 190 were chosen as HST targets because they bracket GD 358 in temperature. We present our preliminary results below.
RESULTS
In 1996, we obtained GHRS spectra of GD 190 and PG 0112, centered on 1215 Â and 1335 Â. The reduced spectra, as well as those of GD358, are presented in Fig. 1 . Surprisingly, all three objects show the 1335 Â CII doublet. GD 190 also displays a CII absorption feature at 1324A, as well as a possible CI multiplet at 1329 A. We determined the carbon abundance by modeling the 1335 A doublet, following the techniques described by Provencal et al. (1996) . For PG 0112, we find -4.19 < log[n(C)/n(He)]< -4.45, and for GD 190 -4.79 < log[n(C)/n(He)]< -4.89. It is interesting that GD358 at -5.75 < log[n(C)/n(He)]< -5.55 has the lowest carbon abundance of the three stars.
Analysis is underway to determine the precise hydrogen abundances in PG0112 and GD 190. A visual inspection of the spectra in Fig. 1 gives us some estimate of the eventual outcome. Asymmetrical and broad Lyman a profile of PG0112 indicates that the star has more photospheric hydrogen than either GD 190 or GD 358. The Lyman a feature of GD 190 is quite symmetrical and goes to 0, suggesting that this feature is dominated by ISM absorption. GD 190 probably has as little or even less photospheric hydrogen than GD 358.
DISCUSSION
The detection of carbon in all three objects is startling. We expect the efficiency of gravitational settling in a white dwarf environment to produce remarkably stratified and chemically pure outer atmospheres. Carbon's repeated presence indicates that we do not yet understand the entire picture. Accretion is an unlikely source, especially for GD 190 and GD358, given the unusual fractionation process required to accrete carbon but screen out nearly all the hydrogen. Provencal et al. (1996) argue that convective dredge-up is a likely origin. However current models predict no such occurrence above 16 000 K (Pelletier et al. 1986 ).
The hydrogen results are both intriguing and disturbing. Chemical evolution theory began as an attempt to explain the observed temperature dependence of the ratio of DA to DB white dwarfs, and in particular to address the observed lack of DBs between 45 000 K and 30 000 K. According to this theory, at 45000 K trace amounts of hydrogen float to the white dwarf surface and transform a DB into a thin-skinned (Mn ~ 10 -15 MQ) DA. As the white dwarf cools further and the convection zone deepens, the hydrogen is mixed back into the photosphere, with the DB re-emerging at 30 000 K. While our general dependence of hydrogen abundance on temperature fits the expectations of chemical evolution, GD 358 and probably GD 190 have hydrogen abundances several orders of magnitude below that required to mask the underlying helium. This, according to current models, rules out the possibility that these objects ever had the appearance of DAs earlier on the white dwarf cooling sequence.
CONCLUSIONS
Our spectroscopic investigation of GD 358, GD 190 and PG 0112 has produced as many questions as it has answered. We can now confidently state that GD 358 does represent a typical DB white dwarf. However, we cannot yet answer other important questions. We don't have a definite source for the observed carbon. While convective dredge up is the best candidate to date, we should also consider diffusion as a possible mechanism. When our abundance analysis is complete, the hydrogen results will provide stringent tests for chemical evolution. We have two DBs with very low surface hydrogen abundances. If this is typical of all DBs, why do we observe a DB gap? Should we consider alternate sources for DB white dwarfs, such as remnants of interacting binary white dwarf systems as first suggested by Nather, Robinson & Stover (1981) ? We will require high-quality HST spectra from a larger sample of DBs before we can adequately address these questions.
